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Abstract: Purpose
The aim of this study was to evaluate the effectiveness of an exercise protocol
designed to induce delayed-onset muscle soreness (DOMS) in paraspinal muscles and
its effects on low back functional capacities.
Methods
Twenty-four healthy participants were asked to perform four series of 25 trunk flexion-
extension in a prone position (45-degrees inclined Roman chair). The protocol was
performed using loads corresponding to participant’s trunk weight plus 10% of their
trunk extension maximal voluntary contraction. Perceived soreness and pain were
assessed using an 11-points numerical analogue scale 3 times a day during 5 days
post-DOMS protocol. Pressure pain thresholds (PPT) in paraspinal muscles (L2 and L4
bilaterally) and the vastus medialis (control site), and trunk extension maximal
voluntary contraction were assessed 24 to 36 hours post-protocol and compared to
baseline (t-tests).
Results
Muscle soreness (3.8/10) and pain (2.1/10) peak scores were observed 24 to 36 hours
post-protocol (mean of 28 hours). A significant reduction in trunk extension maximal
voluntary contraction was observed post-protocol (p=0.005). Significant reductions in
PPT were observed post-protocol for all trunk extensor sites (ps<0.01), but not for the
control site (p=0.40).
Conclusions
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The exercise protocol efficiently led to low back muscle DOMS, reduced functional
capacities and increased pain sensitivity locally. Such protocol could be used as an
efficient and safe experimental low back pain model.
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Purpose: The aim of this study was to evaluate the effectiveness of an exercise protocol 
designed to induce delayed-onset muscle soreness (DOMS) in paraspinal muscles and its 
effects on low back functional capacities. 
Methods: Twenty-four healthy participants were asked to perform four series of 25 trunk 
flexion-extension in a prone position (45-degrees inclined Roman chair). The protocol was 
performed using loads corresponding to participant’s trunk weight plus 10% of their trunk 
extension maximal voluntary contraction. Perceived soreness and pain were assessed using 
an 11-points numerical analogue scale 3 times a day during 5 days post-DOMS protocol. 
Pressure pain thresholds (PPT) in paraspinal muscles (L2 and L4 bilaterally) and the vastus 
medialis (control site), and trunk extension maximal voluntary contraction were assessed 
24 to 36 hours post-protocol and compared to baseline (t-tests).  
Results: Muscle soreness (3.8/10) and pain (2.1/10) peak scores were observed 24 to 36 
hours post-protocol (mean of 28 hours). A significant reduction in trunk extension maximal 
voluntary contraction was observed post-protocol (p=0.005). Significant reductions in PPT 
were observed post-protocol for all trunk extensor sites (ps<0.01), but not for the control 
site (p=0.40). 
Conclusions: The exercise protocol efficiently led to low back muscle DOMS, reduced 
functional capacities and increased pain sensitivity locally. Such protocol could be used as 
an efficient and safe experimental low back pain model.   
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Abbreviations: 
DOMS Delayed-onset muscle soreness 
MVC   Maximal voluntary contraction 






































































 Delayed-onset muscle soreness (DOMS) usually occurs following unaccustomed 
or strenuous physical activity, such as the first training of the season after a long break, or 
when the intensity and/or the volume of the activity is suddenly increased (Lewis et al. 
2012; Newham et al. 1983). Moreover, it is well documented that DOMS is more likely to 
happen following eccentric exercise (Clarkson and Hubal 2002) leading to contraction 
during muscle lengthening. Such lengthening during repetitive eccentric contractions may 
lead to overstretching of sarcomeres, resulting in muscle damage (Proske and Allen 2005). 
DOMS typically peaks around 24 to 48 hours following exercise, with pain and soreness 
arising from the damaged muscle (Cheung et al. 2003; Cleak and Eston 1992). Pain and 
soreness are usually accompanied by a loss of muscle force (Clarkson and Hubal 2002) 
reaching up to 40% (Prasartwuth et al. 2005) and lasting several days (Crameri et al. 2007; 
Lewis et al. 2012), resulting in alteration of motor task performance (Vila-Cha et al. 2012).  
 It has been shown that back pain and disability occur following a low back DOMS 
protocol, which makes DOMS an interesting experimental model to investigate the effect 
of low back pain on functional capacities (Bishop et al. 2011b; Hjortskov et al. 2005; Horn 
and Bishop 2013; Larsen et al. 2017; Mayer et al. 2006; Soer et al. 2008; Trost et al. 2011; 
Udermann et al. 2002). However, the experimental protocol used to induce low back 
DOMS varies across studies, which limits result comparisons. In 2002, a standardized 
exercise protocol was proposed to induce DOMS in the lumbar region (Udermann et al. 
2002). In the study, three groups of participants were submitted to three different DOMS 
protocols. These protocols consisted in a variable number of flexion-extension trunk 
movements with a weight load requiring 40 to 100% of maximal peak torque in back 
extension. The authors concluded that participants should perform 2 sets of 25 repetitions 
of lumbar extension with an external load corresponding to 100% of their maximal peak 
torque, in order to elicit significant DOMS in low back muscles (Udermann et al. 2002). 
However, participants reported strong lumbar pain (approximately 9/10) and soreness 
(approximately 5/5 on a 0-5 scale, with 5 corresponding to severe soreness) after this 
protocol. This limits the application of the protocol since inducing strong low back pain is 





































































 Subsequent studies induced low back DOMS using physical activity lasting up to 
two hours (Hjortskov et al. 2005; Soer et al. 2008). The two studies showed an increase in 
pain and/or soreness in the lumbar region, as well as a reduction of functional capacity 
following exercise. However, the lack of information and specificity regarding the protocol 
used to induce DOMS (e.g. two hours of floorball training) (Hjortskov et al. 2005; Soer et 
al. 2008) limits the reproducibility of these protocols. Moreover, these protocols do not 
specifically target lumbar muscle DOMS and cannot be implemented in laboratory settings. 
Another group of researchers induced low back DOMS by asking participants to perform 
as many trunk extension repetitions as possible at 80% of their maximal torque (Bishop et 
al. 2011a; Bishop et al. 2011b; Bishop et al. 2011c; Horn and Bishop 2013), while in other 
studies, participants were instructed to perform as many trunk flexion as possible without 
extra load, while trunk extension was manually supported by the experimenter (Larsen et 
al. 2017; Lo Vecchio et al. 2015). Although in these studies participants reported increased 
pain intensity and tenderness in the lumbar region, the absence of standardized number of 
trunk flexion repetitions leave room to uncertainty. Moreover, performing a DOMS 
protocol at 80% of the maximal lumbar muscles strength may not be as representative as it 
could be regarding daily functional task involving these muscles. Therefore, the aim of the 
current study was to evaluate the effectiveness of a standardized and safe exercise protocol 




 Twenty-four healthy adult participants (12 males and 12 females) without any 
episode of low back pain in the past six months were recruited from the university 
community. All experimental procedures conformed to the standards set by the latest 
revision of the Declaration of Helsinki and were approved by the Research Ethics Board 
of “Université du Québec à Trois-Rivières”. All participants gave written informed 
consent, acknowledging their right to withdraw from the experiment without prejudice and 






































































 The study was conducted over two sessions. In the first session (baseline), lumbar 
mechanical pain sensitivity and back muscle strength were assessed. Participants were then 
requested to perform the DOMS protocol. Based on the analysis of pilot data, the second 
session took place 24 to 36 hours later (mean of 28 hours). In this second session, pain 
sensitivity and muscle strength were assessed a second time. The day following the DOMS 
protocol (first session), lumbar pain and soreness ratings were collected by email or text 
message for five consecutive days, three times a day (9 am, 3 pm and 9 pm). During these 
days, participants were instructed to avoid any unusual physical activity and/or any 
medication to decrease muscle soreness or pain. 
 
Trunk muscle strength assessment 
 Initially, participants started with a familiarization protocol in order to be 
comfortable with the apparatus used during this experiment. Then, three maximal voluntary 
isometric trunk extension contractions (MVCs) were performed. In a prone position, using 
a 45-degrees inclined Roman chair with their trunks parallel to the ground, participants 
were asked to push as hard as possible against a belt installed over their shoulders for 
approximately 5 seconds. The belt was connected to a load cell (Model LSB350; Futek 
Advanced Sensor Technology Inc, Irvine, CA, USA). A one-minute rest period was 
provided between each MVC to limit the occurrence of muscle fatigue. The highest MVC 
values was considered for the DOMS protocol. Trunk extension MVCs were assessed at 
baseline (before the DOMS protocol) and in the second session. The highest of the three 
MVC trials was used for the analysis.  
 
Delayed-onset muscle soreness protocol 
 The DOMS protocol consisted of 4 series of 25 trunk flexion-extension separated 
by one-minute of rest. Trunk flexion-extension repetitions were performed using the same 




































































protocol, an external load corresponding to 10% of the participant’s trunk extension MVC 
was added. The total resistance during the DOMS protocol corresponded to the addition of 
this external load (10%) and the weight of participant’s upper body (trunk and head). This 
weight was calculated based on anthropometric tables (de Leva 1996). In total, 
participants’ resistance represented approximately 45% of their MVC (ranged from 38 to 
58%). Straps were placed at hip level to minimize pelvic tilt movements, which could limit 
the contribution of muscle groups other than parapsinal muscles during the DOMS 
protocol. The starting position of participants corresponded to the neutral alignment of the 
trunk (no flexion or extension). Participants were asked to perform a trunk flexion (lumbar 
paraspinal eccentric contraction) that lasted 3 seconds and corresponded to 30 degrees of 
trunk flexion relative to a horizontal position (Fig. 1). Then, participants were asked to 
remain still in this position for 3 more seconds (lumbar paraspinal isometric contraction), 
and finally to go back to the initial neutral position in 1 second (lumbar paraspinal 
concentric contraction). To ensure that the movement was executed in the required trunk 
range of motions of the DOMS protocol, two foam bars guided the participants, one 
positioned over the participant’s trunk and corresponding to the initial position, and one 
under the participant’s trunk and corresponding to the flexed position. During the DOMS 
protocol, auditory and visual feedbacks were provided using a laptop positioned in front of 
the participants to help him follow the tempo (3-3-1). Moreover, the assessors provided 
intense verbal encouragements for each participant during the entire protocol. The DOMS 
protocol, including the time to perform the MVC, took less than 20 minutes. 
 
[Insert Fig. 1 around here] 
 
Pain sensitivity assessment  
 Pressure pain thresholds (PPT) in paraspinal muscles and the vastus medialis were 
assessed using a hand-held algometer with an accuracy of 0.1kg (Model 01163; Lafayette 
Instrument Company, Lafayette IN USA). The algometer probe corresponded to a circular 




































































prone position. The algometer was applied perpendicularly to the desired site. PPT were 
evaluated in the thickest part of the paraspinal muscles in four different lumbar sites at 
approximately 2.5 cm from the spinous process: L2 and L4 bilaterally. A fifth site on the 
right vastus lateralis, in its thickest part, was used as control site. Assessment of PPT for 
this site was performed in a sitting position where the knees flexed. The same experimenter 
was in charge of identifying each site by palpation as well as applying the force on each 
site, in order to avoid inter-experimenter variability. The order of PPT assessment was 
randomized between participants and sessions. The force was applied at a rate of 
approximately 1kg/s (Chesterton et al. 2007). Participants were instructed to report the 
moment at which pain first occurred (pressure sensation changing to pain sensation). PPT 
was measured three time at each site and values were averaged to obtain one PPT for each 
site. These averaged PPT were used for subsequent analyses. Following the DOMS 
protocol, lumbar pain and soreness were assessed using two distinct 11-point numerical 
analogue scales 3 times a day during 5 days post-DOMS protocol. These rating scales were 
explained by the experimenter and a numerical guide was provided for each scale: lumbar 
pain scale ranged from no pain (0/10) to worst possible pain (10/10), while soreness scale 
ranged from no muscle soreness (0/10) to severe muscle soreness (10/10). Participants 
received the following question by text message or email: “On a scale from 0 to 10, what 
is your level of muscle pain and muscle soreness in the lumbar region presently?”. 
 
Statistical analysis 
 Statistical analyses were performed with Statistica data analysis software system 
(TIBCO Software version 13.3 Inc, Palo Alto, CA, USA). Normality of distribution was 
assessed with the Kolmogorov-Smirnov test and by visual inspection. Student t-tests for 
dependant samples were used to compare the following dependant variables before and 
after the DOMS protocol: PPT at L2 and L4 bilaterally and vastus lateralis and MVC. 
Means and standard deviations were computed for pain and soreness intensity for all 






































































 Participants' mean (M) age, height, weight and BMI were respectively 26.4 
(standard deviation [SD] = 6.8) years, M = 1.73 (SD = 0.09) m (1.66 m for female; 1.80 m 
for male), M = 70.4 (SD = 12.1) kg (61.2 kg for female; 78.3 kg for male) and M = 23.4 
(SD = 3.1) kg/m2. Other than DOMS, none of the participants reported adverse events or 
unusual physical activity during the five days post-DOMS. The mean weight used as an 
external load during the DOMS protocol was 5.7 kg (SD = 2.0). From the 24 participants, 
2 participants were unable to finish the entire DOMS protocol due to muscle pain or 
exhaustion (one participant did a total of 69 repetitions and the other one did 76 out of 100 
repetitions). These 2 participants were included in the analyses. 
 The highest pain and soreness values were observed on the first day, approximately 
28.03 hours (± 1.98 hours) following the DOMS protocol. The mean lumbar pain intensity 
was mild (2.1/10, SD = 1.9; see Fig. 2) and the mean lumbar soreness was moderate (3.8/10, 
SD = 2.2; see Fig. 3). The 2 participants that were unable to finish the entire DOMS 
protocol reported similar pain and soreness values (2-3/10 and 2-4/10 respectively).  
 Paired t-tests revealed a significant decrease of all back muscle PPT following the 
DOMS protocol compared with baseline (all p ≤ 0.01; see Table 1). In contrast, the vastus 
lateralis muscle PPT was comparable following the DOMS protocol compared with 
baseline (p = 0.4 see Table 1). Accordingly, MVC was significantly decreased following 
the DOMS protocol in comparison to baseline (p < 0.005; see Table 1).  
 
[Insert Table 1 around here] 
 
 [Insert Figs. 2 and 3 around here] 
 
Discussion 
As expected, the protocol used in the current study induced low back DOMS. 




































































protocol and all participants experienced lumbar muscle pain and soreness without any 
adverse outcome other than DOMS. In addition, the protocol reduced functional capacities 
(maximal strength) and increased mechanical pain sensitivity. Thus, the present protocol 
provides an efficient and safe experimental low back pain model that involves deep 
structures of the spine, which is more representative of clinical low back pain than other 
acute pain models such as phasic electrical or thermal stimulation. This has important 
implications for mechanistic studies on low back pain.  
 
Characteristics of pain and soreness 
Lumbar muscle pain and soreness intensity ranged from very mild (1/10 and 0.5/10, 
respectively) to very high (8/10 and 10/10, respectively) with an average pain of mild 
intensity (2/10) and an average soreness of moderate intensity (3.8/10). When participants 
were asked to perform as many repetitions as possible of paraspinal contraction at 80% of 
their maximal strength in a sitting position to induce back DOMS (Bishop et al. 2011a; 
Bishop et al. 2011b; Bishop et al. 2011c), pain intensity as well as tenderness were slightly 
under the intensity found in the current study. Various psychological factors, such as pain-
related fear, could explained the pain perception variability among participants, under the 
influence of experimental pain (George and Hirsh 2009). Other studies, investigating 
DOMS found that fear of pain was associated with pain intensity (Bishop et al. 2011b). On 
the other hand, pain intensity and muscle soreness in the current study were largely lower 
than the scores reported in Udermann et al. study, during which extreme pain intensity and 
soreness following 50 repetitions of trunk flexion-extension at 100% of their maximal 
strength were observed (Udermann et al. 2002). Results of the current study also showed 
that lumbar muscle soreness and pain with this type of exercise peaked approximately 30 
hours following the DOMS protocol, which is similar to pain pattern described in previous 
studies (e.g. (Bishop et al. 2011b)), but can remain up to 4 days.   
The current study also showed that under the influence of low back DOMS, a 
decrease in lumbar muscle maximal strength occurred. Even if this decrease could be 
considered small (less than 10%), a large effect size was observed (ηp2 = 0.29). Moreover, 




































































with previous studies (Bishop et al. 2011b; Bishop et al. 2011c). Interestingly, Udermann 
et al. reported a decrease of lumbar maximal strength following trunk flexion-extension at 
100% of the participant’s maximal strength, while performing trunk flexion-extension at 
40% did not seem to affect lumbar maximal strength (Udermann et al. 2002). This could 
be explained by the fact that in their study testing at 40% of the participant’s MVC induced 
lower pain and soreness reported by the participants than in our study. Moreover, small 
sample sizes (N=5-8/group) and the lack of standard deviation values could limit the 
generalisability of their findings. Alteration in lumbar extension strength is also commonly 
observed in people with chronic low back pain (Steele et al. 2014). Even if it was not 
directly assessed in the current study, several participants, following the DOMS protocol, 
felt they moved differently because of the muscle soreness, during their daily activities, 
such as putting a pair of shoes. It was recently proposed that the alteration of movement 
pattern can be a good indicator of neuromuscular dysfunction in patients with chronic neck 
pain (Falla et al. 2017) or low back pain (Falla et al. 2014). Altogether, DOMS-induced 
low back pain may alter trunk functional capacities in ways that are similar to clinical 
chronic pain.  
Moreover a decrease in pain sensitivity was found with the observation of lower 
PPT values under the influence low back DOMS. This decrease was present across the 
lumbar region (L2 to L4), but not in the anterior lower limbs indicating that the low back 
region was affected specifically following the DOMS protocol. The finding of local 
reduction in pressure-pain sensitivity following DOMS is consistent with previous studies 
(Bishop et al. 2011b). These observations could reflect peripheral sensitization with limited 
central sensitization that does not spread widely to other regions. It has been suggested that 
peripheral sensitization is related to inflammatory processes or tissue damage 
(Latremoliere and Woolf 2009), which are also observed following DOMS (Lewis et al. 
2012). These findings are of interest because of the potential implication for future studies 
which will aim to study the effects of DOMS only on the lumbar region without altering 
the other limbs.  
Although results from Bishop et al. studies show promising results, such as an 
increase in pain and/tenderness following a low back DOMS protocol, the proposed DOMS 




































































(Bishop et al. 2011a; Bishop et al. 2011b; Horn and Bishop 2013). Based on the findings 
of the current study, one could argue that a standardised number of back contraction 
repetitions (100) at a low physical intensity is easier to implement. It is also less expensive 
since it only requires a Roman chair and an external load to induce low back DOMS using 
the current protocol. Moreover, inducing low back DOMS using contraction intensity as 
low as 45% of the maximal strength of the lumbar muscle may be safer for the general 
population. Therefore, we believe that such protocol may be used in clinical studies as well 
as in patients with low back pain to better understand the motor behavior changes in this 
population.   
 
Relevance of delayed-onset-muscle-soreness as a back pain model 
As a model to induce experimental back pain, DOMS presents several assets over 
other pain models. Experimental back pain is commonly induced using external stimuli 
such as intramuscular injections of hypertonic saline (Tsao et al. 2010) or thermal 
cutaneous pain (Dubois et al. 2011). However, these models have some limitations. There 
is evidence suggesting that hypertonic saline can excite motor axons (Kumazawa and 
Mizumura 1977; Weerakkody et al. 2003), which may alter lumbar sensorimotor control 
independently, regardless of pain-related processes. As for thermal cutaneous heat pain, 
the model does not allow performing pre-post comparisons of experimental pain effects, 
which limits results interpretation. In addition, DOMS provides an important advantage 
over other models by involving, to a certain point, psychological factors commonly 
observed in patients with chronic low back pain, such as fear of movement (Vlaeyen and 
Linton 2000). This allows a more ecological investigation of pain adaptation mechanisms.  
 
Limitations and future directions 
Although the present findings show several advantages of the DOMS protocol over 
other pain models, some limitations should be considered. Firstly, two participants could 
not complete the DOMS protocol. This could result from a lack of motivation despite the 
verbal encouragement provided by the experimenter to minimize this limitation. Another 




































































strategies during the MVC protocol (involving other muscle groups) to reach MVC values. 
Consequently, the load used during the DOMS protocol was too high. Future studies will 
need to investigate the muscle activation of the trunk extensor muscles during this test in 
order to confirm this hypothesis. Another consideration is the inter-individual variability 
of pain and soreness ratings. Some participants reported very mild pain and soreness 
following the DOMS protocol. This observation should be taken into consideration for 
future studies as this low level of pain may not alter trunk motor control in other task than 
maximal strength in trunk extension. Moreover, some participants reached their pain and 
soreness peak on the second day after the DOMS protocol. Therefore, it remains to be 
determined whether the model is effective to investigate low back pain even for participants 
with low ratings and it may be useful to adapt the experimentation to the time window in 
which participants are most likely at their peak pain and soreness. Accordingly, we propose 
that 30 hours following the present DOMS protocol is the most appropriate time for most 
participants. Future studies should consider using a standardized delay between the 
provoking exercise and the test. Moreover, different factors not considered in this study, 
such as diurnal variation in cortisol and other hormones, which vary during the day, might 
have impacted the effect of DOMS in the lumbar region and should be considered in future 
studies. Finally, young adult participants were recruited for this study. Future research 
should validate this DOMS protocol in an older population since age is known to affect the 
time course of DOMS (Clarkson and Dedrick 1988). For this population, it should be 
emphasized that the current protocol is advantageous considering the requested effort, 
relying on back contractions at 45% of the maximal strength compared with previous 
DOMS protocols using 80 to 100% of the maximal back muscle strength. 
 
Conclusion 
The exercise protocol efficiently led to back muscle DOMS, reduced functional 
capacities and increased pain sensitivity. Such protocol could be used as an alternative to 
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Table 1. Pain and muscle strength following the DOMS protocol compared with baseline. 
 Baseline DOMS t(df)  p* 
PPT L2 right (kg) 7.2 (3.3) 5.4 (3.7) t(23)=3.17 0.004 
PPT L2 left (kg) 7.7 (4.7) 5.4 (3.2) t(23)=3.74 0.001 
PPT L4 right (kg) 7.4 (3.9) 5.4 (3.8) t(23)=2.88 0.008 
PPT L4 left (kg) 7.4 (3.4) 5.7 (3.2) t(23)=3.32 0.003 
PPT vastus lateralis (kg)  6.2 (2.2) 6.5 (3.0) t(23)=0.86 0.40 






















































































Fig. 1. Illustration of the delayed-onset muscle soreness protocol.  
 
Fig. 2. Time course of pain intensity in the lumbar region following the DOMS the 
protocol. The black thin line represents the mean (± standard deviation) of participants’ 
pain. Each color line represents the evolution of pain intensity for one participant.  
 
Fig. 3. Time course of soreness intensity in the lumbar region following the DOMS the 
protocol. The black thin line represents the mean (± standard deviation) of participants’ 
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